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DIGITAL INK JET PRINTING METHOD AND APPARATUS 



FIELD OF THE INVENTION 

This invention relates to digital Inkjet printing apparatus and processes, and 
specifically to digital ink jet printing techniques employing radiation-curable inks 
such as UV-curable inks. 

5 BACKGROUND OF THE INVENTION 

Inkjet technology typically utilizes radiation-curable inks, namely, ultra- 
violet (UV) sensitive inks. Printing apparatuses thus include, inter alia, a printing 
head assembly and a curing assembly (radiation source). The motion of the curing 
radiation source is synchronized with the motion of the printing head so as to 

10 sequentially apply curing to tiie previously sequentially printed locations. 

The curing radiation source may be accommodated at a certain distance 
from a printing head and move together with the printing head with respect to a 
recording medium (substrate) along a printing line (across the substrate). 
Alternatively, a curing radiation source may be stationary mounted and equipped 

15 with optics (mirrors) movable together with a printing head. 

U.S. Patent No. 6,145,979 discloses an Inkjet printer for forming an image 
on a moving substrate. Here, an ink curing apparatus has a radiation source 
stationary moimted outside the printer, and the curing radiation source is optically 
coupled to a mirror or a radiation-emitting head that directs the radiation to a 

20 desired location downstream of the printing head. 
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U.S. Patent No. 6,454,405 discloses an ink-jet applicator using UV-curable 
ink. The applicator includes a print head, a guide operably secured to the' print head 
housing to guide it across a medium being imprinted, a UV light source at one end 
of the guide and a mirror carried by the print head housing and oriented to reflect 
5 the UV beam onto the UV curable coating deposited by the print head. This 
technique is aimed at reducing the mass required to be added to the print head by 
the UV curing station. 

Another technique aimed at reducing the mass of the printhead, in an Inkjet 
printer utilizing radiation curing system, is disclosed in U.S. Patent No. 6,447,112, 
10 According to this technique, the radiation source moves independently of the 
printhead to provide tiie desired electromagnetic curing energy to the printed ink. 
In some material deposition processes, multi-stage UV curing is used: 
U.S. Patent No. 3,943,046 describes a UV curing process and apparatus for 
polymerizing oxygen-inhibited UV photopolymerizable resin-forming material, 
15 such as a film. This is implemented by using a pair of UV light sources, one being a 
flash photolysis source, and the other being a sustained photolysis source. 

U.S. Patent No. 4,048,036 describes a method of producing ojq^gen 
inhibitable UV curable coatings. Here, a desired flatting is obtained when films of 
oxygen inhibitable UV curable coating compositions containing flatting pigment 
20 are exposed to UV light, first in an oxygen containing atmosphere and then in a 
substantially oxygen firee atmosphere. 

U.S. Patent No. 4,165,265 discloses a multi-stage irradiation method of 
curing a photocurable coating composition. Here, actinic radiations is used in the 
presence of air. The initial step involves irradiation with actinic radiation having 
25 wavelengths 185-500 millimicrons with donwnant wavelength or wavelengths 
between 380-420 millimicrons, and the subsequent step involves irradiation with 
another actinic radiation of wavelengths within the same range as those of the 
radiation used for the initial step, but having dominant wavelength or wavelengths 
within a range shorter than those of the radiation used therefore. The initial 
30 irradiation is effected so as to cure the lower part of the coating layer witii the 
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surface portion thereof left unciired, and the subsequent irradiation leads to the full 
cure of the surface portion thereof. 

U.S. Patent No, 4,313,969 discloses a method and apparatus for providing 
low gloss and controlled gloss radiation cured coatings. According to this 

5 technique, a radiation curable coating of a composition including inert particulates 
is first irradiated with curing radiation of wavelength to which the coating is 
responsive but having no distribution beneath 300nm, and is subsequently 
irradiated with curing radiation of wavelength to which the coating is responsive 
including radiation at wavelength beneath 300mn. Gloss control is achieved by 

10 adjusting the spectral distribution, the intensity or the dose of the initial radiation, or 
by adjusting the time interval between the initial and the subsequent radiation steps. 

U.S. Patent No. 4,411,931 discloses a three-stage UV curing process for 
providing accurately controlled sur&ce texture, particularly are useful as floor and 
wall coverings. A UV-curable substrate is initially exposed to long wave length 

15 light of low intensity, thereby causing the bottom portion of the substrate to gel 
while leaving the top surface essentially unaffected. The first stage irradiation is 
followed by irradiation with shorter-wave length UV light imder an inert 
atmosphere, thereby causing the surface of the substrate to gel. The final stage of 
the curing process involves conventional exposure to strong UV light whereby the 

20 entire structure is cured to give a product having finely controlled surface texture. 

U.S. Patent No. 5,585,415 discloses pigmented compositions and methods 
for producing radiation curable coatings of very low gloss. This technique utilizes 
inclusion of a combination of photoinitiators having an acylphosphine oxide 
photoinitiator and a second photoinitiator such as an acetophenone derivative. The 

25 coating is first e?q>osed to ionizing radiation (e.g., electron beam) in air, and then 
exposed to actinic radiation (ultraviolet light) in an essentially inert atmosphere. 

EP 1072659 discloses a composition and process for providing a gloss 
controlled, abrasion resistant coating on surface covering products. The 
composition is cured to create a weariayer surface, preferably on a floor covering 

30 product The surface covering product is prepared and then the coating is partially 
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cured by exposure to low peak irradiance UV light in either ambient or inert air, 
followed by fully curing the coating with high peak irradiance UV light in inert 
atmosphere to form a low gloss abrasion resistant wearlayer surface. Altematively, 
the single-step exposure of the composition to high peak irradiance UV light in 
5 ambient atmosphere is used. 

SUMMARY OF THE INVENTION 

There is a need in the art to facilitate digital ink jet printing by providing a 
novel printing method and apparatus, particularly useful for wide format printing 
and very wide format printing. 

10 The main aspects of the present invention are associated with providing bi- 

directional printing and preferably also double-stage curing of the printed ink. 
When dealing with wide format printing (1 meter and over) and very wide format 
printing (about 5 meters), the print head's movement from one side to the other side 
of a substrate (recording medium) is extremely time consuming, and therefore it is 

15 very important to enable bi-directional printing. 

The present invention provides for on-line gloss control of inkjet printed 
images, improved adhesion, better drop shaping and better shrinkage properties. 
This is achieved by controlling tiie delay time between the application of the ink 
(printing) to a certain location on the substrate and curing the printed ink, and also 

20 by controlling the amount of curing energy and wavelength of the curing radiation. 
In digital ink-jet printers, the typically used single-stage curing consist of irradiating 
printed ink with high intensity UV radiation and the resulting images normally have 
a matte finish. In order to achieve a glossy finish, the present invention utilizes a 
double-stage curing: At the first-stage curing, energy with relatively low mtensity 

25 and long wavelength irradiates the ink droplet that has been applied to the substrate, 
and at the second, delayed curing stage, UV radiation of relatively higher energy 
and shorter wavelength irradiates the same droplet after a certain time period from 
the first-stage curing. Preferably, the intensity of UV radiation at first-stage curing 
is 15% or less than that of the second-stage curing. 
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There is thus provided according to one aspect of the present invention, a 
method for use in a digital ink-jet printer, the method comprising: 

(i) continuously applying a radiation-curable ink to successive locations on a 
substrate along a print line extending across the substrate; 
5 (ii) concurrently with the continuous application of the radiation-curable ink 
along tihie print line, continuously applying JBrst curing radiation of a 
predetermined first intensity to the applied ink on the successive locations on 
the substrate along said print line, with a certain time delay, constant for all 
the locations on the substrate, between the applications of ink and the first 
10 curing radiation; 

(iii) applying second curing radiation of a predetermined second intensity 
to the locations on the substrate a certain time period, constant for all the 
locations on the substrate, after the application of the first curing radiation to 
said locations. 

15 The configuration is preferably such that after one or more print lines on the 

substrate are printed and first-cured, the second curing radiation is continuously 
applied to successive locations along these print lines, while next print line(s) 
imdergoes the process of printing and first-curing. 

Generally, the first- and second-stage curing may be carried out by first and 

20 second radiation sources, respectively. Preferably, however, a single radiation 
source and appropriately designed radiation directing arrangement is used for 
performing the first- and second-stage curing. 

Preferably, the application of thexadiation-curable ink is carried out in a bi- 
directional manner, namely, while displacing a print head assembly in opposite 

25 directions with respect to tiie substrate. In this case, a curing assembly may 
generally comprise two curing imits accommodated at opposite sides of tiie print 
head assembly and selectively operable to carry out the first-stage curing during the 
line printing in the opposite directions, respectively. However, a printing system 
equipped with two curing units or more than two curing imits when multi-stage 

30 curing is needed, would be too bulky. The present invention provides an eflScient 
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apparatus and method for printing and curing radiation-sensitive ink in bi- 
directional printing with the single curing radiation source and a radiation directing 
arrangement configured to enable the curing while printing in the opposite 
directions. 

5 There is thus provided according to another aspect of the invention, an ink- 

jet printing apparatus comprising: 

(a) a print head assembly having one or more inkjets and operable for applying 
radiation-curable ink onto the substrate; 

(b) a drive means operable to provide a relative displacement between the 
10 substrate and the print head assembly in first and second opposite directions 

along a print line extending across the substrate, thereby enabling 
application of the radiation-curable ink to successive locations along the 
print line; 

(c) an ink curing assembly comprising a radiation source and a radiation 
15 directing arrangement, the radiation directing arrangement being 

accommodated in the path of the radiation coming from the radiation source 
and operable to selectively direct said radiation to the print line on the 
substrate along either one of the first and second directions during the 
relative displacement between the substrate and the print head assembly, the 
20 radiation directing arrangement being oriented with respect to the print head 

assembly so as to allow curing of the applied ink with a certain time delay, 
constant for all the locations on the substrate, between the application of ink 
and the application of curing radiation to the substrate. 
Preferably, the application of ink along the print line utilizes movement of 
25 the print head assembly with respect to die substrate, and application of ink to 

successive print lines on the substrate utilizes movement of the substrate with 

respect to the print head assembly. 

The ink curing assembly is preferably moxmted for movement together with 

the print head assembly. 
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The radiation directing arrangement may comprise firet and second mirrors 
accommodated synraietrically identical witii respect to the print head assembly at 
opposite sides thereof; and a third mirror that is accommodated in the path of 
radiation coming from the radiation source and is movable so as to selectively 

5 orient its reflective surface to face either one of the first and second mirrors. The 
radiation source may be accommodated adjacent to the print head assembly, or may 
be accommodated remotely from ihe print head assembly in which case the third 
mirror is located adjacent to the print head assembly and radiation is directed from 
the radiation source to the third mirror via fiber. Each of the first and second mirrors 

10 may be kept at a certain fixed distance from the print head assembly (e.g., about 10- 
15cm), or may be displaceable with respect to the print head assembly, such that 
when printing in one direction is carried out, one of the mirrors is located adjacent 
to the print head assembly (say, "zero-distance") and the other mirror is displaced 
from the opposite side of the print head assembly (e.g., a distance of about 70cm). 

15 In order to implement the second-stage curing, a separate curing assembly 

may be provided, for example located adjacent to the print head assembly and 
movable togetiier with the print head assembly, but such as to apply second curing 
radiation to previously printed and first-stage cured locations at a certain time delay 
between the first- and second-stage cxiring processes, constant for all the locations 

20 on the substrate. 

Preferably, the first- and second-stage curing utilize the same radiation 
source. This can be implemented by replacing either first and second mirrors by 
radiation splitting elements, or replacing the third mirror by a radiation splitting 
element The splitting element may be wavelength-dependent. 

25 According to yet another aspect of the present invention, there is provided an 

ink-jet printing apparatus comprising: 

- a print head assembly having one or more inkjets and operable for applying 
radiation-curable ink onto the substrate; 

- a drive assembly including first drive means operable to provide a relative 
30 displacement between the substrate and the print head assembly in first and 



second opposite directions along a print line extending across the substrate, 
thereby enabling application of the radiation-curable ink to successive locations 
along the print line; and a second drive means operable to provide a relative 
displacement between the print head assembly and the substrate in a direction 
peq>endicular to the print line; 

- an ink curing assembly comprising a radiation source and a radiation directing 
arrangement, the radiation directing arrangement being accommodated in the 
path of the radiation coming from the radiation source and being configured and 
operable to split said radiation into first and second radiation portions of 
predetermined intensities and direct them onto two spaced-apart locations on the 
substrate both spaced from the location to which the ink is applied, thereby 
providing the application of the first curing radiation to the substrate with a 
certain time delay time delay between tiie application of ink and the application 
of the first curing radiation to the substrate constant for all the locations on the 
substrate, and providing the application of the second curing radiation to the 
substrate a certain time period after the application of the first curing radiation 
constant for all tiie locations on the substrate. 

According to yet another aspect of the present invention, there is provided an 
ink-jet printing apparatus comprising: 

- a print head assembly having one or more inkjets and operable for applying 
radiation-curable ink onto the substrate; 

- a drive assembly including first drive means operable to provide a relative 
displacement between the substrate and the print head assembly in first and 
second opposite directions along a print line extending across the substrate, 
thereby enabling application of the radiation-curable ink to successive locations 
along tiie print line, and a second drive means operable to provide a relative 
displacement between the print head assembly and the substrate in a direction 
perpendicular to the print line; 

- an ink curing assembly comprising a radiation source and a radiation directing 
arrangement, the radiation directing arrangement being accommodated in the 
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path of the radiation coming from the radiation source and being configured and 
operable to split said radiation into first and second radiation portions of 
predetermined intensities and direct them onto spaced-apart locations on the 
substrate both spaced firom the location to which the ink is applied, said 

5 radiation directing arrangement being configured to selectively direct said first 
radiation portion to flie print line on the substrate along either one of the first 
and second directions during the relative displacement between the substrate 
and the print head assembly with a certain time delay tune delay between the 
application of ink and the application of the first curing radiation to the substrate 

10 constant for all the locations on the substrate, and direct the second curing 
radiation to the substrate a certain time period after the application of the fiarst 
curing radiation constant for all the locations on the substrate. 

BRIEF DESCRIPTION OF THE DRAWINGS 

In order to imderstand the invention and to see how it may be carried out in 
15 practice, preferred embodiments will now be described, by way of non-limiting 
example only, with reference to the accompanying drawings, in which: 

Fig. 1 A illustrates a printing apparatus according to one embodiment of the 
invention configured to implement bi-directional printing and double-stage UV 
curing of the printed ink; 
20 Fig. IB illustrates a printing apparatus according to another embodiment of 

the invention configured to implement bi-directional printing and double-stage UV 
curing of the printed ink; 

Figs. 2A and 2B illustrate the results of tiie first- and second-stage UV 
curing, respectively; 

25 Fig. 3 is a schematic diagram of a printing apparatus according to another 

embodiment of the invention configured to implement a bi-direction printing, and 
implement bi-directional UV curing with a single UV-curing light source; 

Figs. 4A and 4B illustrate the operation modes of the printing apparatus of 
Fig. 2 in opposite printing directions; 
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Figs. 5A to 5C schematically illustrate several additional examples of the 
configuration of the curing assembly suitable to be used in tiie printing apparatus of 
the present invention. 

DETAILED DESCRIPTION OF THE INVENTION 
5 Referring to Fig. 1 A, there is illustrated a printing apparatus 10 according to 

one embodiment of the invention. The apparatus 10 is configured to be used in a 
digital Inkjet printer for printing on a substrate 11, and comprises, inter alia^ a print 
head assembly 12 mounted on a guide 14 and operated by a drive means ISA for 
sliding movement along the axis of the guide (X-axis) in opposite directions; a UV- 
10 curing assembly 16; and a control unit 18 coimectable to the print head assembly 
and to the curing assembly. 

It should be understood that the drive means ISA serves for providing a 
relative displacement between Ihe print head assembly 12 and the substrate 11 
along the X-axis, and may altematively be associated with the substrate support 
15 means. Further provided is a drive means 15B operable to provide a relative 
displacement between the substrate and the print head assembly 12 along the Y- 
axis. The drive means 15B is typically associated with the substrate support means, 
but may generally be coupled to the print head assembly 12. 

In the present example, the curing assembly 16 is mounted for movement 
20 together with the print head assembly by the drive means ISA. This may for 
example be implemented by providing the connection between the print head and 
the curing assemblies. 

The print head assembly 12 may be of any known design, for example that 
commercially available from Nur Macroprinters, Israel, and therefore its 
25 construction and operation need not be specifically described, except to note the 
following: The print head assembly typically includes one or more inkjets for 
applying radiation-curable ink onto the substrate during the relative displacement 
between the substrate and the print head assembly along the X-axis (across tiie 
substrate). 
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The control unit 18 is typically a computer system having inter alia a 
memory utility for storing reference data indicative of the operational modes of the 
print head assembly and the curing assembly; a processor utility preprogrammed to 
operate the print head and curing assemblies accordingly; and a suitable interface 

5 utiUly. The apparatus 10 is configured to implement bi-directional printmg and ink- 
curing. The control unit 18 thus operates the print head assembly 12 to apply 
radiation-curable ink to the substrate 11 during the movement in the opposite 
directions along the guide (along the X-axis). 

Additionally, the apparatus 10 is configured to carry out double-stage UV 

10 curing of the printed ink. In the present example, the curing assembly 16 includes 
three UV-curing units (light sources) 16A-16C. First and second UV-curing units 
16A and 16B are moxmted on the guide 14 at opposite sides of the print head 
assembly 12 so as to be movable together with the print head assembly and perform 
a first-stage curing of the printed kik during the printing in the opposite directions, 

15 respectively. A distance between the cxaring unit 16A (or 16B) and the print head 
assembly 12 is defined by a preset time delay between the printing and first-stage 
curing processes to be appUed to each location on the substrate, as well as by the X- 
axis dimension of the print head. For example, the time delay (/ between the 
printing and the first-stage curing processes, constant for all locations (dots) in the 

20 print line, is about O.Ssec for the 0.5m-length print head assembly, a distance 
between the unit 16A (or 16B) and the print head being about 5- 10cm. The third 
UV-curing unit 16C is mounted on the guide 14 (or on a separate guide parallel to 
guide 14) so as to move synchrony with the print head assembly 12 (and with the 
UV-curing units 16A and 16B) while being downstream thereof with respect to a 

25 direction of the substrate movement relative to tiie print head assembly (Y- 
direction), and to carry out a second-stage curing of the previously printed and first- 
cured ink. A time delay I2 between the first-stage and second-stage curing processes 
may be up to lOsec (preferably 2-4sec), depending on a step-movement of the 
substrate along the Y-axis. 
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It should be noted that curing units 16A and 16B may be kept at the same 
fixed distance from the print head assembly (for example, a distance of about 10- 
15cm). Alternatively, each of these units may be displaceable with respect to the 
print head assembly: For example, when printing in the positive X-direction is 

5 carried, curing unit 16B is brought close to the print head assembly, and the curing 
xmit 16A is displaced from the print head assembly a predetermined distance (e.g., a 
distance of about 70cm), while during the printing in the negative X-direction, unit 
16A is located close to tiie priat head assembly, and unit 16B is displaced therefrom 
said predetermined distance. 

10 The first- and second-stage curing pirocedures differ from each other in the 

energy dose (intensity) and preferably also wavelength. Preferably, the first-stage 
curing utilizes about 5% or less (gCTierally, up to about 15%) of the energy of the 
second-stage curing. For example, the first- and second-stage curing intensities are, 
respectively, about 20mJ/cm^ and 200mJ/cm^. The wavelengtti of UV-radiation 

15 used in the first-stage curing is for example 350nm or more, while that of the 
second-stage curing is less than 350nm. 

The following is the example of the operational mode of the apparatus 10. 
When the print head assembly 12 operates to print on the substrate in one direction 
- the positive X-du:ection, tiie curing unit 16B is in its inoperative position, and the 

20 curing unit 16A is in its operative position to continuously apply the first-stage 
curing radiation to successive locations along a print line on the substrate with a 
certain time-delay ti between the printing and the first-stage curing processes, 
constant for all locations (dots) in the print line. Then, the control unit 18 operates 
the drive means 15B to displace tiie substrate in the Y-direction so as to bring the 

25 next line to printing position. The print head assembly 12 and the curing units 16A 
and 16B are then displaced in the opposite direction - negative X-direction. During 
this movement, the curing unit 16A is inoperative, while unit 16B is shifted into its 
operative position, and concurrentiy, the curing unit 16C is operated to apply the 
second-stage curing to the first printed line thus providing a time delay ti between 

30 the first- and second-stage curing processes. It should be noted that that the second- 
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stage curing may start afta: printing and first-curing of several print lines, and the 
second-stage curing may be simultaneously applied to these several previously 
printed and first-cured print lines. 

Fig. IB illustrates a printing apparatus 100 according to another 
5 embodiment of the invention configured for carrying out a bi-directional printing, 
and also a double-stage UV-curing using the same curing radiation source but 
adjustable energy dose and wavelength of curing. To facilitate imderstanding, the 
same reference numbers are used to identify those components which are common 
in all the examples of the invention. 
10 In the apparatus 100, a UV-curing assembly 116 includes a pair of UV-light 

sources 16A and 16B equipped witii radiation directing arrangements 17A and 17B, 
respectively. The radiation directing arrangement includes a beam splitting element 
19 and a mirror 20. The beam splitter 19 is accommodated in the path of a curing 
beam Bcur generated by the radiation source and splits the beam Bcur (©-g ? a 
15 wavelength-selective manner) into first and second radiation portions with a 
predetermined power ration (as described above), such that the first radiation B^^^cur 
is directed towards a location on line B on the substrate and the other radiation 
B^^^ur is directed towards the mirror 20 that reflects this beam portion onto a 
location on the previously printed line A on the substrate (i.e., located downstream 
20 of line B with respect to the positive Y-direction). Thus, during the printing of line 
B, one of the curing units 16A and 16B (depending on the printing direction) is 
operable to concurrently perform the first-stage curing of line B and the second- 
stage curing of the previously printed line A. 

The present invention provides for on-line gloss control of Inkjet printed 
25 images to achieve improved adhesion, better drop shaping and better shrinkage 
properties. This is implemented by controlling the delay time between the 
application of the ink (printing) to a certain location on the substrate and curing the 
printed ink, and also by controlling the amount of curing energy and wavelength of 
the curing radiation. With typically used single-stage curing, the printed ink is 
30 irradiated with high intensity UV radiation and the resulting images normally have 
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a matte finish. In order to achieve a glossy finish, the present invention utilizes a 
double-stage curing: the first-stage curing - energy with relatively low intensity and 
long wavelength irradiates the ink droplet that was applied to the substrate, and the 
second, delayed curing stage - higher amount of energy with shorter wavelength 

5 irradiates the same droplet after a certain time period firom the first-stage curing. 

Figs. 2A-2B illustrate the results of the first- and second-stage UV curing, 
respectively. Ink droplets, while formed and jetted firom the print head 12, are high 
speed, causing development of negative pressure close to the surface of the ink 
droplets. Hence, atmospheric air (including oxygen) is drawn into the droplet. The 

10 enclosed oxygen interferes the polymerization of the radical chains, thus causing 
low-dose, long-wavelength curing to be suflBcient and virtually effective for gelling 
the bottom of the jetted droplet while leaving the surface of the droplet fluidic and 
uncured. Curing the bottom of the droplet controls spreading and improves color 
density and resolution, while delaying the surface curing of the ink drop results in a 

15 smoother drop surface which gives rise to glossiness.. The curing method of the 
present mvention also advantageously provides creating symmetrical curing, and as 
a result symmetrical drop shapes are produced, thus minimizing the common 
problem of banding phenomena that appears in the printed and cured image, 
because of simultaneous bi-directional one-step curing (which leads to im- 

20 symmetrical completely cured drop shapes. As shown in Fig. 2B, the partially cured 
surfaces wet completely as related to partial wetting of the cured layer in one-step 
curing process. 

Reference is now made to Fig. 3 showing a schematic diagram of a printing 
apparatus 200 constructed and operated according to yet anotiier embodiment of the 
25 invention. The same reference numbers identify common components in all the 
examples of the invention. The apparatus 200 comprises a print head assembly 12 
mounted on a guide 14; a UV-curing assembly 216; and a control unit and drive 
means (not shown here). 

The curing assembly 216 is configured to enable bi-directional curing 
30 (during bi-directional printing) with a single UV-radiation source 16A. To this end. 
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the curing assembly 216 includes a radiation directing arrangement 17A comprising 
first and second mirrors 19A and 19B, accommodated symmetrically identical at 
opposite sides of the radiation source 16A and at opposite sides of the print head 
assembly 12, and an adjustable mirror 20 that is accommodated in the optical path 

5 of curing beam Bcur coming jfrom the radiation source 16. The mirror 20 is mounted 
for rotation between its first and second operative positions 20' and 20'' (shown in 
the figure in dashed lines) to reflect the curing beam towards, respectively, the first 
and second mirrors 19A and 19B. Each of the mirrors 19A and 19B is spaced firom 
the print head assembly 12 a certain distance so as to provide a certain delay 

10 between the printing and curing processes for each location on the substrate. As 
also shoAvn in the figures, the curing assembly preferably also comprises an arc- 
shaped mirror 22 surrounding the radiation source 16A and directing UV-radiation 
generated by the source 16A towards the rotatable mirror 20. The provision of this 
arc-shape mirror 22 is aimed at directing almost all the radiation emitted by the 

15 radiation source 16A towards the substrate. 

As shown in Fig, 4A, when the print head assembly 12 moves in the positive 
X-direction and curing of the printed line in this direction is carried out, the mirror 
20 is in its first operative position thus reflecting the curing beam towards the first 
mirror 19A, which in turn reflects the beam to the substrate. When printing and 

20 curing in the opposite direction is to be carried out (Fig. 4B), the mirror 20 is 
rotated so as to face by its reflective surface the second mirror 19B and thus reflect 
the curing beam to the second mirror 19B. 

In the example of Figs. 3 and 4A-4B, the entire curing assembly (the 
radiation source and the radiation directing arrangement) are movable together with 

25 the print head assembly 12. Similarly to the above-described examples of Figs. lA- 
IB, mirrors 19A and 19B may be either kept at a certain fixed distance firom the 
print head assembly, or may be displaceable therefrom. The radiation source 16A 
may be. located adjacent to fho print head assembly, or remotely therefirom in which 
case radiation is directed from the source towards mirror 20 via a fiber. 
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Figs. 5A-5C exemplify several additional possible configurations of the 
curing assembly according to the invention providing fir using the single curing 
radiation source for double-stage curing. The use of the single radiation source 
simplifies and reduces the size and weight of the entire system, and also provides 

5 for uniform curing of all the printed locations on the substrate. 

In the example of Fig, 5A, the curing assembly 316 includes a radiation 
source 16A, and a radiation directing arrangement formed by a rotatable mirror 20, 
two beam splitting elements 19A and 19B accommodated symmetrically identical 
with respect to the mirror 20 and with respect to the print head assembly (not shown 

10 here), and two mirrors 20A and 20B associated with the beam splitters 19A and 
19B, respectively. The mirror 20 thus selectively directs the curing beam to either 
one of the beam splitters 19A and 19B. The beam splitter 19A splits the curing 
beam into first and second beam portions, one being directed towards line B and the 
other - via mirror 20A towards line A downstream of line B (with respect to the 

15 positive Y-direction). 

A curing assembly 416 of Fig. 5B is generally similar to that of Fig. 5 A, and 
distinguishes therejfrom in that the selective directing of the curing radiation to the 
mirrors 19A or 19B (e.g., via beam splitters 19A and 19B, if double-stage curing 
with the same radiation source is considered) is implemented by mounting an arc- 

20 shape mirror 22 for movement with respect to the radiation source 16A (as shown 
in the figure in dashed lines), thereby eliminating the need for rotatable mirror (20 
in Fig. 5A), 

In the example of Fig, 5C, a curing assembly 516 comprises a radiation 
source 16A, and a radiation directing arrangement that includes a rotatable mirror 

25 20 and first and second mirrors 19A and 19B at opposite sides thereof Also 
provided in the radiation directing arrangement is a beam splitter 24 and a mirror 
26. A curing beam first passes through the beam splitter 24 that splits the beam into 
first and second radiation portion at a predetermined power ratio and possibly also 
wavelength difference. The first radiation portion propagates towards the mirror 20 

30 that selectively reflects it to mirror 19A or 19B to thereby impinge onto print line B. 
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The second radiation portion propagates towards mirror 26 fliat reflects it to line A 
on the substrate. 

It should be xmderstood, although not specifically shown, that in the 
examples of Figs, 5A-5C, mirrors 19A and 19B (or beam splitter-and mirror 
5 assemblies 19A-20A and 19B-20B) may be either kept at a fixed distance firom the 
print head assembly or displaceable with respect to the print head assembly along 
the X-axis. 

The substrate (recording medium) may be made of any suitable material that 
is compatible with the selected inks. Examples of suitable substrates include both 

10 porous and nonporoxis materials such as glass, wood, metal, paper, woven and non- 
woven, and polymeric films. The fikns can be clear, translucent, or opaque. The 
films can be colorless, a solid color or a pattern of colors. The films can be for 
example transmitting or reflective. The substrate can be fed into the printing 
apparatus by using any of the known feeding systems, e.g. the so-called '*roll-to- 

15 roll" or "flat-bed" systems. 

The UV-radiation source (a traditional UV light soiarce with focusing and 
collimatmg optics, or a UV laser) can be adapted to emit radiation with 
predeteraiined intensity and wavelength. The printing apparatus can be equipped 
witili an intensity and wavelength controller for providing curing radiation with 

20 varied intensities. 

The curing assembly may be equipped with additional elements such as 
filters, for filtering out imwanted energy components (e.g. visible light, infi:a-red 
radiation). 

The required time delay between the printing and curing process, as well as 
25 between the first- and second-stage curing processes is controlled by the distance 
between the printing and curing locations. Additionally, the control unit is 
preprogrammed to control the time delay, and intensity and duration of the first and 
second curing stages, and to control the movement of the mirror and/or the 
radiation source to synchronize it with the movement of the print head assembly. 
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The present invention is particularly suitable for use in combination with a 
drop on demand process but, of course, miay be used in combination with other ink 
jet printing processes, either continuous or intermittent. In the description, reference 
was made only to UV-curable inks but it is to be understood that, where the context 
5 permits, reference to other forms of radiation curable inks is intended. 

Those skilled in the art will readily appreciate that various modifications and 
changes can be applied to the embodiments of the invention as hereinbefore 
described without departing from its scope as defined in and by the appended 
claims. 
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CLABMS: 

1. A method for use in a digital ink-jet printer, the method comprising: 

(i) continuously applying a radiation-curable ink to successive locations on a 
substrate along a print line extending across the substrate; 

(ii) concurrently with the continuous application of the radiation-curable ink 
along the print line, continuously applying first curing radiation of a 
predetermined first intensity to the applied mk on the successive locations on 
the substrate along said print line, with a certain time delay, constant for all 
the locations on the substrate, between the applications of ink and the first 
curing radiation; 

(iii) applying second curing radiation of a predetermined second intensity 
to the locations on the substrate a certain time period, constant for all the 
locations on the substrate, after the application of the first curing radiation to 
said locations. 

2. The method of Claim 1, wherein the second curing radiation is applied to 
the successive locations on the substrate along a print line to which the ink and the 
first curing radiation have previously been applied, during the application of ink 
and application of the first curing radiation to successive locations along a 
preceding print line on the substrate. 

3. The method of Claim 2, wherein the second curing radiation is 
simultaneously applied to at least two print lines, to which the ink and the first 
curing radiation have previously been applied. 

4. The method of any one of preceding Claims, wherein said predetermined 
fixst intensity is about 15% or less than that of said second intensity. 

5. The method of any one of preceding Claims, wherein said radiation curable 
ink is applied to successive locations along the first and second successive print 
lines on the substrate in first and second opposite directions, respectively. 

6. The method of Claim 5, wherein said application of the first curing 
radiation comprises selectively directing the curing radiation, generated by a curing 
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source, to the successive locations on the print line on the substrate in the first or 
second opposite direction. 

7. The method of any one of preceding Claims, wherein the first and second 
curing radiation is concurrently directed to space-apart locations on the substrate 

5 both spaced from a location to which the ink is applied, by splitting the curing 
radiation, generated by a single radiation source, into first and second radiation 
portions in a predetermined power ratio. 

8. The method according to any one of preceding Claims, wherein the first 
and second curing radiation are of different wavelengths. 

10 9. The method according to Claims 7 and 8, wherein said splitting is 
wavelength-selective, 

10. The method according to any one of Claims 6 to 9, wherein said directing 
of the first curing radiation comprises selectively directing the first curing radiation 
coming from flie radiation source to either one of first and second mirrors 

15 accommodated m a spaced-apart relationship along an axis of the print line at 
opposite sides of the print head assembly, each of the first and second mirrors being 
oriented to reflect radiation impingmg thereon towards the location on the print 
line. 

11. The method according to Claim 10, wherein said selectively directing 
20 comprises directing the first curing radiation coming from the radiation source to a 

mirror rotatable between first and second orientations of its reflective surface to 
face the first and second mirrors, respectively. 

12. The method according to any one of Claims 7 to 11, comprising selectively 
directing curing radiation condng from the radiation source towards either one of 

25 first and second radiation splitting elements, each splitting the radiation impinging 
thereon into first and second radiation portions presenting said first and second 
curing radiation, the first split radiation portion propagating towards a first print 
line, and the second split radiation portion being reflected to propagate towards a 
second print line spaced-apart from the first print line along an axis perpendicular to 

30 the print line. 
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13. The method accordmg to any one of Claims 7 to 11, comprising splitting 
curing radiation coming from the radiation source into first and second radiation 
portions presenting said first and second curing radiation, and directing the first and 
second split radiation portions via a mirror's assembly towards first and second 

5 spaced-apart print lines on the substrate, the rotation of said rotatable mirror 
providing for directing the respective one of the split radiation portions of 
successive locations along the print line in eidier one of the opposite directions. 

14. An ink-jet printing apparatus comprising: 

(a) a print head assembly having one or more inkjets and operable for applying 
10 radiation-curable ink onto the substrate; 

(b) a drive means operable to provide a relative displacement between the 
substrate and the print head assembly in first and second opposite directions 
along a print line extending across the substrate, thereby enablmg 
application of tiie radiation-curable ink to successive locations along the 

15 print line; 

(c) an ink curing assembly comprising a radiation source and a radiation 
directing arrangement, the radiation directing arrangement being 
accommodated in the path of the radiation coming from the radiation source 
and operable to selectively durect said radiation to the print line on the 

20 substrate along either one of the first and second directions during the 

relative displacement between the substrate and the print head assembly. Hie 
radiation directing arrangement being oriented with respect to the print head 
assembly so as to allow curing of the applied ink with a certain time delay, 
constant for all the locations on the substrate, between the application of ink 
25 and the application of curing radiation to Ihe substrate. 

15. The apparatus of Claim 14, wherein said radiation directing assembly 
comprises first and second radiation reflective elements accommodated 
symmetrically identical with respect to the radiation soiu-ce and the print head 
assembly, and a third reflective element mounted for rotation so as to selectively 
30 reflect the curing radiation generated by the radiation source towards the first or 
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second reflective element, depending on the direction of application of the ink 
along the print line. 

16. The apparatus of Claim 15, wherein each of said first and second reflective 
elements is accommodated at a certain fixed distance from the print head assembly. 
5 17. The apparatus of Claim 1 5, wherein each of said first and second reflective 
elements is displaceable with respect to the print head assembly along an axis 
parallel to of the print line. 

18. The apparatus of any one of Claims 15 to 17, wherein said radiation 
directing arrangement comprises first and second beam splitting elements 

10 accommodated upstream of the first and second reflective elements, respectively, 
with respect to the direction of radiation propagation from the third reflective 
element to the respective one of the first and second reflective elements, the beam 
splitting element operating to split the curing radiation reflected from the third 
element into first and second radiation portions and directing the first radiation 

15 portion to the respective one of the first and second reflective elements to be 
reflected to a location on a first print line on the substrate and directing the second 
radiation portion to a location on a second print line on the substrate upstream of 
the first line with respect to the direction of relative displacement of the substrate 
relative to the print head during printing successive lines on the substrate. 

20 19. The apparatus of any one of Claims 15 to 17, wherein said radiation 
directing arrangement comprises a beam splitting element that is accommodated in 
a path of curing radiation propagating from the radiation source towards the third 
reflective element and operates to split the curing radiation into first and second 
radiation portions and direct the fiurst radiation portion to the third reflective element 

25 and direct the second radiation portion to an additional reflective element, said 
additional reflective element being oriented so as to reflect the radiation to one of 
the first and second reflective elements. 

20. The apparatus of Claim 14, wherein said radiation source is mounted for 
rotation, said radiation directing arrangement comprising first and second radiation 
30 reflective elements acconmiodated symmetrically identical with respect to the 
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radiation source and the print head assembly, the rotation of the radiation source 
resulting in that the curing radiation is selectively directed towards the first or 
second reflective element, depending on the direction of application of the ink 
along the print line. 

5 21. The apparatus of Claim 20, wherein each of said first and second reflective 
elements is accommodated at a certain fixed distance &om the print head assembly. 
22. The apparatus of Claim 20, wherein each of said first and second reflective 
elements is displaceable with respect to the print head assembly along an axis 
parallel to of the print line. 
10 23. The apparatus of any one of Claims 20 to 22, wherein said radiation 
directing arrangement comprises fijst and second beam splitting elements 
accommodated upstream of the first and second reflective elements, respectively, 
with respect to the direction of radiation propagation firom the radiation source to 
the respective one of the first and second reflective elements, the beam splitting 
1 5 element operating to split the curing radiation coming fi-om the radiation source into 
first and second radiation portions and directing the first radiation portion to the 
respective one of the first and second reflective elements to be reflected to a 
location on a first print line on the substrate and directing the second radiation 
portion to a location on a second print line on the substrate upstream of the first line 
20 with respect to the direction of relative displacement of the substrate relative to the 
print head during printing successive lines on tiie substrate. 
24. An ink-jet printing apparatus comprising: 

- a print head assembly having one or more inkjets and operable for applying 
radiation-curable ink onto the substrate; 
25 - a drive assembly including first drive means operable to provide a relative 
displacement between the substrate and the print head assembly in fiast and 
second opposite directions along a print line extending across the substrate, 
thereby enabling application of the radiation-curable ink to successive locations 
along the print line, and a second drive means operable to provide a relative 
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displacement between the print head assembly and the substrate in a direction 
perpendicular to the print line; 

- an ink curing assembly comprising a radiation source and a radiation directing 
arrangement, the radiation directing arrangement being accommodated in the 

5 path of the radiation coming from the radiation source and being configured and 
operable to split said radiation into first and second radiation portions of 
predetermined intensities and direct them onto two spaced-apart locations on the 
substrate both spaced from the location to which the ink is applied, thereby 
providing the application of the first curing radiation to ttie substrate with a 

10 certain time delay time delay between the application of ink and the application 
of the first curing radiation to the substrate constant for all the locations on the 
substrate, and providing the application of the second curing radiation to the 
substrate a certain time period after the application of the first curing radiation 
constant for all the locations on the substrate. 

15 25. An ink-j et printing apparatus comprising: 

- a print head assembly having one or more inkjets and operable for applying 
radiation-curable ink onto the substrate; 

- a drive assembly including first drive means operable to provide a relative 
displacement between the substrate and the print head assembly in first and 

20 second opposite directions along a print line extending across the substrate, 
thereby enabling application of the radiation-curable ink to successive locations 
along the print line, and a second drive means operable to provide a relative 
displacement between the print head assembly and the substrate in a direction 
perpendicular to the print line; 

25 - an ink curing assembly comprising a radiation source and a radiation directing 
arrangement, the radiation directing arrangement being accommodated in the 
path of tibie radiation coming from the radiation source and being configured and 
operable to split said radiation into first and second radiation portions of 
predetermined intensities and direct them onto spaced-apart locations on the 

30 substrate both spaced from the location to which the ink is applied, said 
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radiation directing arrangement being configured to selectively direct said first 
radiation portion to the print line on the substrate along either one of the first 
and second directions during the relative displacement between the substrate 
and the print head assembly with a certain time delay time delay between the 
application of ink and the application of the first curing radiation to the substrate 
constant for all the locations on the substrate, and direct the second curing 
radiation to the substrate a certain time period after the application of the first 
curing radiation constant for all the locations on the substrate. 
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